Introduction
============

Esophagectomy with a small bowel anastomosis has been used to treat many esophageal diseases, including cancer \[[@ref1]\]. Various anastomotic complications can occur following esophagectomy, of which esophageal anastomotic leak (EAL) is the most common, yet serious complication. The leak rate is 3% to 25% \[[@ref2][@ref3][@ref4][@ref5]-[@ref6]\]. Nonetheless, the optimal treatment for EAL remains unclear.

In patients who are stable enough for nonsurgical therapy (Clavien-Dindo classification III/ IV) \[[@ref7]\], the placement of fully or partially covered self-expanding metal stents (SEMS) has become the standard endoscopic therapy for anastomotic leakage in recent years. In dedicated series, the placement of SEMS achieved clinical success rates (healing of anastomosis) of 80% to 85% \[[@ref8][@ref9][@ref10]-[@ref11]\]. However, coverage of the defect through SEMS insertion is sometimes difficult. In addition, SEMS treatment poses the potential risks of increasing the defect size and stent migration \[[@ref1]\].

Endoscopic vacuum therapy (EVT), also known as E-Vac therapy, EndoVac therapy, and endoscopic negative-pressure therapy, is an innovative endoscopic treatment for treating anastomotic leakage \[[@ref12]\]. The first experience of applying EVT in the esophagus was published as a case report in 2008 \[[@ref13]\]. In 2 patients, EAL was successfully treated by EVT. Subsequently, EVT has been increasingly often used for intrathoracic leakage, especially in cases of postoperative anastomotic leakage, and several studies have reported a treatment success rate of 80% to 100% ([Fig. 1](#F1){ref-type="fig"}). In addition, EVT was found to be more effective for esophageal leaks than SEMS in limited cohorts \[[@ref1],[@ref8],[@ref14]\]. However, insufficient prospective and large-scale retrospective studies have been conducted for EVT to be considered the standard treatment.

In this article, we analyzed the mechanism of action, the method of performing the procedure, its safety and efficacy, and prognostic factors of EVT in the management of patients with EAL and attempted to confirm the possibility of establishing a standardized treatment using EVT.

Procedure of endoscopic vacuum therapy
======================================

Mechanisms and effect
---------------------

Several mechanisms are involved in the healing effect of EVT, including changes in perfusion, macrodeformation, microdeformation, exudate control, and bacterial control \[[@ref15]\].

**Macrodeformation and microdeformation**

Macrodeformation occurs when suction is applied to the sponge, which results in deformational forces being exerted on the defect edges, drawing the edges together \[[@ref15][@ref16]-[@ref17]\]. In addition, the continuous negative pressure delivered by EVT counteracts the spillover of esophageal and gastric contents by means of respiration and negative intrathoracic pressure, leading to the collapse of the leakage cavity \[[@ref14],[@ref18]\]. Microdeformation refers to the mechanical changes that occur on a microscopic scale when suction is applied \[[@ref16]\]. The mechanical strain causes a deformation of the cytoskeleton, which initiates signaling cascades leading to the release of growth factors that promote cell proliferation and migration, increasing the expression of extracellular matrix components and contractile elements that are necessary for healing \[[@ref15],[@ref16]\].

**Changes in perfusion**

EVT treatment results in increased micro-vessel density. EVT also causes temporary hypoperfusion in the defect edges, resulting in localized expression of hypoxia-inducible factor 1α with concomitant modulation of vascular endothelial growth factor expression, leading to an increase in angiogenesis \[[@ref16],[@ref19][@ref20]-[@ref21]\]. Studies have showed that a negative pressure of 125 mm Hg significantly increased the blood vessel density, which reached a maximum of 200% in comparison to the vessel density prior to treatment \[[@ref22]\].

**Exudate control**

Wound healing has been observed to improve following fluid removal. Although the exact mechanism behind this improvement in healing is unclear, proposed theories include local alterations in the blood flow and elimination of harmful substances \[[@ref19]\]. Moreover, the forces of compression acting on the microvasculature are reduced due to the removal of fluid, thereby resulting in increased blood flow and perfusion of the tissue \[[@ref15],[@ref16]\].

**Bacterial clearance**

A high bacterial load may disturb the process of defect healing; however, the evidence regarding the role of EVT in decreasing bacterial contamination is controversial \[[@ref16],[@ref19]\]. A randomized study reported that EVT had a positive effect on wound healing due to a significant decrease in the bacterial load compared with non-vacuum--treated wounds \[[@ref16],[@ref23]\]. However, other studies have also shown either an increase or no change in the bacterial load using EVT \[[@ref24],[@ref25]\].

Advantages of the procedure
---------------------------

According to Schorsch et al. \[[@ref12]\], EVT enables efficient closure and drainage of esophageal defects. The luminal sub-atmospheric pressure communicated through the open-pore polyurethane sponge seals the defect and drains the extra-luminal septic focus \[[@ref12]\]. It counteracts the physiological negative thoracic pressure, thereby preventing further contamination and mediastinitis \[[@ref12],[@ref14]\]. Thus, in principle, it can be used for wounds that have been detected early and for clean wounds to prevent contamination and extra-luminal inflammation. Additionally, it is applicable at advanced stages of esophageal leakage. Moreover, vacuum drainage placement is practicable along the entire length of the esophagus. Using an appropriate variant, a broad range of possible defect sizes and para-esophageal wound cavities can be adequately treated \[[@ref12]\].

Brangewitz et al. \[[@ref14]\] reported the benefits of EVT in comparison to stent insertion therapy. First, SEMS placement ideally requires fluoroscopy; therefore, transfer of the patient to the endoscopy or radiology room may be necessary, which can be difficult to accomplish with these patients, who are often critically ill \[[@ref14]\]. In contrast, EVT can be performed in the intensive care unit. Second, no guidelines exist concerning the duration of treatment with SEMS \[[@ref14]\]. As the stent mesh interferes with inspection of the wound cavity, it is difficult to define the optimal time for stent removal. Furthermore, the radial force of SEMS could restrict the approximation of wound margins, thereby impairing healing \[[@ref14]\]. In contrast, EVT allows for regular inspection and tension-free healing of the leak. Another notable problem is the development of strictures after stent removal. In comparison with patients who underwent SEMS treatment, a statistically significantly lower stricture rate was observed in those treated with EVT. The rigid oral opening of the stents can cause circular esophageal ulcerations, which might explain the high stricture rate in the stent cohort \[[@ref14]\]. Subsequently, anastomotic stricture can sometimes also develop during EVT in addition to the healing of the leak. At that time, subsequent stent insertion would be beneficial.

Method of endoscopic vacuum therapy
-----------------------------------

\(1\) The cavity is evaluated to choose the correct sponge size, which can be estimated based on the size and shape of the leakage cavity. After these steps, the endoscope is removed, and the sponge system is prepared \[[@ref16],[@ref26],[@ref27]\].

\(2\) A nasogastric tube (NGT) is inserted through the nose and brought out through the mouth. The distal part of the tube with side holes should be removed \[[@ref1]\].

\(3\) The sponge is cut to the appropriate size and positioned at the tip of the NGT, after which the sponge is secured using either silk ties or permanent sutures \[[@ref16],[@ref26],[@ref27]\].

\(4\) The custom sponge made using a polyurethane foam is cut to size based on the size of the defect. The sponge should be smaller than the wound cavity to promote the collapse and subsequent closure of the fistula \[[@ref1]\].

\(5\) After grasping the distal tube using forceps or a snare, the sponge is delivered to the anastomosis. Due to the size of the system and the endoscope, introduction into the upper esophageal sphincter can be difficult, and careful attention should be paid to avoid trauma during insertion \[[@ref26],[@ref27]\]. For ease of grasping, a short suture loop should be made at the distal part of the tube.

\(6\) The sponge can be inserted in the wound cavity using endoscopic forceps or by pushing via manipulation of the distal tip of the endoscope \[[@ref1]\].

\(7\) After tube placement, a continuous negative pressure of 100 mm Hg generated by a vacuum pump is delivered to the cavity through the tube. The sponge must be changed every 4--7 days according to the changes in the size and shape of the lesion. EVT is completed when the opening closes completely or the leakage cavity is well sealed off \[[@ref1]\].

Efficacy of endoscopic vacuum therapy
=====================================

Several previous studies have shown high success rates with EVT in EAL. Min et al. \[[@ref1]\] analyzed 20 patients treated with EVT who had EAL following esophagectomy for cancer. In their study, the median duration of EVT treatment was 14.5 days and a median of 5 interventions were performed in each patient. The median admission duration was 49 days. During the median follow-up of 213.5 days, 19 patients (95.0%) were successfully treated, and 1 patient (5.0%) who could not be treated with EVT died \[[@ref1]\]. Schorsch et al. \[[@ref12]\]. reported success in 32 of 35 (91.4%) cases for all-cause esophageal defects and 20 of 21 (95.2%) successful cases for post-esophagectomy or gastrectomy anastomotic leak \[[@ref12]\]. Laukoetter et al. \[[@ref28]\] reported success in 49 of 52 (94.2%) cases of EVT treatment for all-cause esophageal defects and in 36 of 39 (92.3%) cases of post-esophagectomy or gastrectomy anastomotic leak \[[@ref28]\]. Furthermore, Bludau et al. \[[@ref13]\] analyzed 14 patients who had esophageal defects treated with E-Vac. Notably, 2 patients had spontaneous defects, 4 patients had iatrogenic defects, and 8 patients had postoperative esophageal defects \[[@ref13]\]. Complete closure of the esophageal defect was achieved in 12 (86%) of the 14 patients. Seven of the 8 EAL patients (87.5%) patients were treated with EVT \[[@ref13]\].

EVT treatment had significantly higher success rates than SEMS for postoperative anastomotic leaks in several previous studies \[[@ref1],[@ref8],[@ref14],[@ref29]\]. In a German retrospective study, the outcomes of patients who were treated with a stent or EVT for intrathoracic leak were compared. The overall closure rate was significantly higher in the EVT group than in the SEMS group. EVT was successful in 27 of 32 patients (84.4%). In addition, fewer strictures developed in the EVT group than in the SEMS group. EVT is an effective endoscopic treatment option for intrathoracic leaks and showed higher effectiveness than SEMS placement in this cohort \[[@ref14]\].

Recently, a German retrospective study analyzed 45 patients with anastomotic leaks following esophagectomy who received either SEMS or EVT. Notably, 30 patients received SEMS placement and 15 underwent EVT. Seven patients in the SEMS group were switched to EVT and 4 to surgery. According to the initial therapy, the success rate was higher in the EVT group than in the SEMS group (EVT, 93.3%; SEMS, 63.3%; p=0.038). When classified by final therapy, the success rate was also higher in the EVT group than in the SEMS group, but with marginal statistical significance (EVR, 86.4%; SEMS, 60.9%; p=0.091). No significant difference was observed in length of hospital stay, duration of therapy, and mortality between the study groups \[[@ref8]\]. Therefore, EVT was more effective than SEMS for treating intrathoracic anastomotic leaks in that study. In a comparative study involving 62 patients who developed an anastomotic leak following esophagectomy, EVT showed better outcomes than stent placement and surgery \[[@ref1],[@ref30]\].

Although the effects of EVT have not been evaluated by a randomized controlled study, the above studies suggest that the clinical outcomes of patients who receive EVT for anastomotic leaks may be good.

Safety of endoscopic vacuum therapy
===================================

In general, EVT is a safe procedure with a low rate of adverse events. The most frequent side effects are sponge dislocation, minor bleeding after sponge exchange due to ingrowth of granulation tissue into the sponge, and anastomotic strictures \[[@ref13]\].

A prospective study involving 52 patients with upper gastrointestinal defects treated with EVT reported a 4.1% rate of minor adverse events, including sponge dislocation and minor bleeding after sponge removal \[[@ref16]\]. The sponge dislocation occurred when the leakage was already small and EVT was performed intra-luminally due to swallowing and coughing. Minor bleeding was usually self-limited and more frequent sponge exchanges could potentially mitigate this risk \[[@ref16],[@ref28]\].

Min et al. \[[@ref1]\] reported that 7 patients (35.0%) developed anastomotic stenosis following EVT. In all stricture cases, the patients had dysphagia and the diagnoses were made through endoscopy or esophagography. All the strictures were relieved with several sessions of balloon dilation \[[@ref1]\]. Notably, several studies also reported post-interventional strictures. The stricture rates after EVT treatment were as follows: Laukoetter et al. \[[@ref28]\] reported a rate of 7.7% (4 of 52 cases), Brangewitz et al. \[[@ref14]\] reported a rate of 9.4% (3 of 32 cases), and Schorsch et al. \[[@ref12]\] reported a rate of 4.2% (1 of 24 cases).

A major concern for EVT in the esophagus is the risk of major bleeding, due to the risk of fistula development between the cavity and the aorta (or aortic branches), as well as the possibility of formation and rupture of a pseudoaneurysm involving the vessels or heart chambers due to the ongoing inflammatory process of EVT \[[@ref31]\]. Laukoetter et al. \[[@ref28]\] reported that 2 patients died due to major bleeding related to EVT. These patients suffered from a late anastomotic insufficiency after distal esophagectomy, and died due to fatal hemorrhage during EVT \[[@ref28]\]. One patient died of acute hemorrhage, and cardiac infarction was found to be the cause of death; however, the autopsy also found that the treated insufficiency cavity was in close proximity to a pseudoaneurysm of the right atrium. The other patient died due to a fulminant and non-manageable hemorrhage during the third scheduled endoscopic change of the sponge in the endoscopy unit \[[@ref28]\]. In that case, the authors believed that a descending aortic rupture occurred.

In a case series including 5 patients who were successfully treated with EVT, 2 anastomotic strictures were reported. In both cases, dilation with bougies were performed. One of these patients had 2 dilations without adverse events. The other patient experienced severe bleeding after dilation and eventually died, with cause of death on autopsy being identified as an aortoesophageal fistula leading to hemorrhagic shock \[[@ref16],[@ref32]\]. On the basis of these major bleeding reports, if massive bleeding occurs during treatment, EVT should be stopped and computed tomography angiography must be performed to direct possible management.

Prognostic factors of endoscopic vacuum therapy
===============================================

Prognostic factors for the failure of SEMS treatment have been reported in several previous studies. In Sweden, a randomized controlled trial reported that the detection of esophagotracheal fistula, the time interval between diagnosis of esophageal defect and positioning of the stent, distal esophageal defects (i.e., a defect straddling the gastroesophageal junction), and cardiovascular comorbidities were prognostic factors for SEMS treatment failure \[[@ref2]\]. However, scant studies have addressed predictive factors of EVT failure in patients with EAL.

Brangewitz et al. \[[@ref14]\] performed a multivariate analysis of clinical factors affecting the closure of esophageal intrathoracic leakages treated by EVT or stent insertion. Early timing of therapy, the presence of underlying malignant disease, and EVT were associated with the closure of esophageal intrathoracic leaks. Min et al. \[[@ref1]\] investigated the factors associated with treatment failure and treatment duration of EVT in 20 esophageal cancer patients who had experienced anastomotic leak after esophagectomy. They reported that neoadjuvant treatment and a large fistula opening were associated with longer EVT treatment. The 20 patients were divided into 2 groups according to the duration of hospitalization (\<21 days and ≥21 days of treatment). Twelve patients (60.0%) were treated for \<21 days and 8 patients (40.0%) were treated for ≥21 days. The longer EVT treatment group had a larger number of patients who received neoadjuvant treatment (87.5% versus 25.0%, p=0.02) and a larger median size of the fistula opening (2.0 cm versus 1.0 cm, p=0.05) \[[@ref1]\].

Conclusion
==========

In conclusion, EVT is a safe and effective treatment procedure for the management of postoperative anastomotic leaks following esophagectomy. However, a longer duration of treatment is required for patients who receive neoadjuvant treatment and have large leakage openings. Development of an EVT kit and procedural standardization could accelerate the use of EVT for patients who may benefit from a standard procedure in the future.
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![A male patient was diagnosed with a postoperative anastomotic leak 8 days after an Ivor-Lewis operation for esophageal cancer. (A) Two large openings of the leak were noticed at the anastomosis. (B) A polyurethane sponge sutured to the tip of a nasogastric tube was inserted into the larger leak. (C) The cavity size decreased after 5 days of EVT. (D) The cavity size decreased further, with granulation tissue formation, and the fistula closed after 9 days of EVT. The patient did not require additional EVT. EVT, endoscopic vacuum therapy.](KJTCV-53-205-f1){#F1}
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